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the mitochondrial fraction. However, exten- 
sive washing reduced the total activity of the 
mitochondrial fraction by 75 % indicating 
that the activity in this fraction may have 
been due to insufficient washing in the first 
3 experiments. The activity of the micro- 
soma1 fraction was also reduced by washing. 

Summary. The data indicate that the de 
novo methionine methyl group synthesizing 
system resides to a large extent in the liver 
of the rat. Within the liver cells more than 
7570 of the synthesizing ability was shown 
to be in the supernatant fraction when the 
particulate fractions were well washed to re- 
move any adhering cell sap. 
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DNA extracted from cultured mouse cells 
infected with polyoma virus is infectious in 
vitro. We have previously reported that when 
this DNA is injected into hamsters it causes 
the appearance of circulating specific anti- 
bodies and tumors(1); the purpose of the 
present study was to determine with greater 
accuracy certain conditions affecting manifes- 
tation of these specific biological properties. 

Material and methods. For the viral DNA 
extraction, use was made of embryonic mouse 
cells in tissue cultures collected 4 to 6 days 
after infection with polyoma virus and of un- 
infected control cultures. These cells were 
cultured in a medium containing casein hy- 
drolysate with 10% inactivated horse serum. 
Maintenance medium contained only 2 %  se- 
rum. The polyoma virus strain used came 
from the laboratory of R. Dulbecco, and was 
placed at  our disposal by K. Habel. For each 
experiment we used material from 15 to 20 

*This study was carried out with the aid of the 
DClhgation Generale Q la Recherche Scientifique et 
Technique. 

one-liter Roux bottle cultures. 
The cells were extracted with phenol, 

either without prior treatment or after heat- 
ing to temperatures of 80 to 100°C for peri- 
ods of 15 to 45 minutes. Details of the phe- 
nol treatment have been described (2 ) .  Final 
extracts were centrifuged for 1 hour at 130,- 
000 g, and resuspended in 0.5 M NaCl to 
contain 400 to 600 p g  of DNA per ml. They 
were then injected subcutaneously (0.15 ml) 
or intracerebrally (0.03 ml) into either new- 
born golden hamsters, or animals 40 days of 
age. Other animals were injected with DNA 
preparations treated with deoxyribonuclease 
(DNase) for 1 hour a t  37°C. Certain ani- 
mals were given a 6% solution of para- 
aminosalicylic acid (PAS), since in certain 
experiments this had been used as the aque- 
ous phase in the extraction of the DNA. 
Finally, some animals were not injected but 
left in contact with hamsters inoculated with 
DNA. The infectious and oncogenic prop- 
erties of the original virus strain were deter- 
mined by subcutaneous inoculation of va- 



INFECTIOUS POLYOMA VIRUS DNA 1091 

riable quantities of the virus into newborn 
hamsters. All animals were bled on the 30th 
day and sera were tested for specific anti- 
polyoma virus antibodies by the hemaggluti- 
nation-inhibition (HI) reaction with guinea 
pig erythrocytes in the presence of 8 hemag- 
glutinating units of virus. Most animals dying 
during the experimental period (182-400 
days) were autopsied and their organs exam- 
ined histologically for presence of tumors. 

An in vitro determination of the infectious 
activity of DNA preparations was carried 
out in most of the experiments. Primary cul- 
tures of kidney cells from 10-day-old mice in 
tubes were inoculated with 0.5-1 ml of DNA 
in 0.5 M NaCl (i.e., approximately 50 p g ) ,  
and the tubes were kept at 37°C for 20 min- 
utes. Cultures were then washed 2 x with 
medium, medium added, and incubated at 
37OC. In parallel experiments, cells were in- 
oculated with DNA hydrolyzed by DNase or 
with 0.5 M NaCl in phosphate buffer, to 
check for the possible appearance of a latent 
virus in the cultures. The cytopathogenic 
effect (CPE) was observed directly or after 
fixation and staining of the cultures with 
haemalun-eosin or by the fluorescent anti- 
body technique. 

Results. A summary of the results of ham- 
ster inoculation is given in Table I. A total 
of 35 newborn animals were given DNA. On 
the 30th day, 34 were still alive and all had 
HI antibodies, with titers varying between 
1,920 and 30,200. Of these 34 hamsters, 6 
could not be autopsied, 2 showed no lesions, 
and 26 had developed tumors after an inter- 
val of about 3 months. 

The tumors were generally found in the 
subcutaneous tissue, but sometimes were 
present in the lungs and liver in association 
with hemorrhagic disease. Three cases of 
intrathoracic localization were observed. His- 
tological examination revealed the presence 
of fibro-sarcomatous and angio-sarcomatous 
lesions, typical of polyoma tumors. 

Of 35 newborn hamsters given DNA from 
non-infected cells, either in its untreated 
state or treated with DNase, 22  were still 
alive on the 350th day, none developed tu- 
mors or HI antibodies (not shown in Table 

I ) .  A similar negative result was obtained in 
26 hamsters that had been inoculated either 
with DNA extracted from infected cells and 
hydrolyzed with DNase, or with 6% PAS. 
Of 12 untreated animals kept in contact with 
hamsters that had been given infectious 
DNA, a single animal developed a subcutane- 
ous tumor and antibodies. 

The inoculated adult hamsters also reacted 
to administration of DNA irrespective of 
route of administration, but it appeared that, 
dose for dose, they were less sensitive than 
newborn hamsters, the incidence of tumors 
being less ( 5  out of 17) and the interval be- 
fore their appearance being longer (5 to 6 
months). 

DNA viral preparations proved to be in- 
fectious for mouse kidney cultures (Table 
11). The typical CPE appeared after the 8th 
day and was not seen in cultures inoculated 
with DNA which had been treated with 
DNase or with DNA extracted from unin- 
fected control cells. The supernatant medium 
from these negative cultures was harvested 
on the 12th day of incubation and given one 
blind passage in fresh cultures again with 
negative results. Heating of the cells before 
DNA extraction, different aqueous phase or 
temperature during the extraction process did 
not appear to affect significantly the effi- 
ciency of extraction. 

Discussion. In the experiments reported 
here it has been demonstrated that DNA ex- 
tracted from cells infected with polyoma vi- 
rus is capable of producing virus infection 
and tumors in the hamster in parallel with 
the previously demonstrated (2,3,4,5) infec- 
tivity for cells in tissue culture. That the 
positive results were due to DNA rather than 
residual intact virus was established by the 
negative results both in vivo and in tissue 
culture when the extracts were treated with 
DNase. The finding of others(6) which we 
have confirmed (unpublished results) that no 
infectious DNA can be obtained from ham- 
ster cells transformed by polyoma virus but 
now free of demonstrable virus, suggests that 
the infectious DNA extracted in these ex- 
periments is of viral origin rather than cel- 
lular. That the appearance of infection and 
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TABLE 11. Experimental Conditions for Extraction of DNA and in vitro Test of I t s  Infectious 
Properties. 

Conditions of extraction CPE in tissue cultures 
Time of appearanse 

(days) 
Duration of No. pos/No. inoc Time of 

action of Heating of homogenized Nature of 
aqueous phenol* Temp observation D N A +  NaCl 

Exp Infected Normal phase (min.) "C (days) DNA DNase . 5 ~  
cells before extraction 

I None It 5J3J3 50 45 (8-30) 0/6 0/6 
5/6 

I1 15min. 

I11 45min. 

I V  45min. 

V 45 min. 

100°C 

80°C 

80°C 

75°C 

2$ 15,10,10 20 45 0/6 0/6 

2 6,3J3 50 35 (9-19) 0/6 0/6 
3/6 

2 15,10,10 20 45 (8-11) 0/6 0/6 
6/7 

VI  45 min. 2 6J3J3 50 35 0/6 0/6 0/6 
80°C 

80°C 
- - - - V I I  45 min. 2 6J3,3 50 

* Phenol saturated by a .02 M phosphate buffer-5 X 
t Phase 1 : .02 M phosphate buffer-5 X 
$ Phase 2 :  the cells were heated in  5 to 10 ml of 5 X 

M EDTA. 
M EDTA-pH 7.3. 

M EDTA, .14 M NaCI, .05 M Na-citrate then 
6, 100 (wt/vol) of p. amino-salicylic acid was added. 

tumors observed following inoculation of the 
hamsters with viral DNA was not due to a 
latent polyoma infection in the hamsters is 
unlikely since all hamsters in our colony are 
negative for polyoma antibodies and there 
was no evidence of infection or tumors in 
animals inoculated with PAS or DNA from 
normal cells. The possibility that the ma- 
jority of positive hamsters were infected by 
contact with a few original reactors is not 
likely since neither the mothers nor the un- 
inoculated control animals, with one excep- 
tion, developed antiviral antibodies or tumors 
during the long period of observation. Fur- 
thermore, it has been shown that excretion 
of polyoma virus by infected hamsters is 
quantitatively low in amount ( 7 ) .  

For comparative purposes, Table I11 shows 
the appearance of polyoma antibodies and 
tumors when a range of infectious doses of 
our stock virus is inoculated into newborn 
hamsters. On the basis of average time be- 
fore appearance of tumors, their frequency 
and localization, it would appear that our 
DNA preparations had biological activity 
equivalent to approximately 50-500 TCID50 

of infectious virus. However, the amount of 
DNA inoculated per hamster was the extract 
from approximately 5 X lo7 TCID5O of vi- 
rus. The tremendous drop in infectivity of 
the extracted DNA may be due to a number 
of factors: (a) less efficient adsorption and 
penetration by DNA as compared to whole 
virus; (b)  dilution of viral DNA with heter- 
ologous cellular DNA, as shown for trans- 
forming bacterial DNA (8) ; (c) enzymic 
degradation of the DNA by blood and cellu- 
lar DNases ; (d)  physico-chemical modifica- 
tion of the DNA during the extraction, how- 
ever the polyoma virus DNA(9), as well as 
papilloma virus DNA(10) is resistant to 
treatments which usually denature these mac- 
romolecules. 

On the basis of the present experiments it 
cannot be determined whether the tumors 
produced in animals inoculated with viral 
DNA preparations were induced by the DNA 
itself or by virus produced in subsequent 
cycles of multiplication occurring in the ani- 
mal. That such virus multiplication took 
place is apparent from the antiviral antibody 
response. It is interesting that infectious vi- 
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rus could not be demonstrated in the induced 
tumors by inoculating tumor extracts into 
tissue culture, by direct culture of tumor cells 
or by production of antibodies on tumor 
transplantation in the hamster. However, 
this is also true of many tumors produced 
by inoculation of newborn hamsters with 
whole infectious virus. 

Latarjet et aZ( 11) and Hays and Carr( 12) 
have obtained tumors of the polyoma type 
on mouse inoculation with nucleic acid prepa- 
rations from mouse leukemic tissues or paro- 
tid tumors. It is likely that their results were 
due to extracted polyoma DNA or to the 
presence of polyoma virus which resisted the 
nucleic acid extraction procedure. 

The results reported by Harris and Ches- 
terman ( 13) in experiments similar to ours 
were of questionable significance since only 3 
of 52 newborn hamsters inoculated with poly- 
oma DNA developed tumors. Furthermore, 
they did not treat the DNA with DNase as 
control in vivo and their nucleic acid prepa- 
rations lost their infectivity in vitro in the 
presence of antiviral antibody. 

Summary. Thirty-five newborn hamsters 
were injected subcutaneously (approx. 70 pg) 
or intracerebrally (15 pg) with DNA from 
polyoma-infected cultures of embryonal 
mouse cells. All animals showed circulating 
antibodies and 2 6 of them presented tumors, 
mostly of subcutaneous localization, after in- 
tervals of 2 to 3 months. Fully grown ham- 
sters appeared to be less sensitive; of 17 ani- 
mals, 11 developed antibodies and 5 de- 
veloped tumors. The same DNA prepara- 
tions were shown to be capable of infecting 
primary cultures of mouse kidney cells. All 
the control series, in which use was made 
of DNA treated with DNase or of DNA 
originating from non-infected cells, have 
given negative results both in vivo and in 
vitro. 

The authors are greatly indebted and wish to ex- 
press thanks to Dr. K. Habel for his friendly and 
helpful advice. 
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Kies et al (1)  noted the occurrence of vis- 
ible lipemia in sera of severely paralyzed 
guinea pigs after the induction of experi- 
mental allergic encephalomyelitis (EAE) . 
This lipemia included markedly elevated tri- 
glyceride and less marked increases of cho- 
lesterol and phospholipid. There was also a 
significant increase in the lipid-staining ma- 
terial which migrated electrophoretically with 
albumin. 

Dole(2) and Gordon and Cherkes(3) de- 
scribed the small but metabolically active 
free fatty acid (FFA) fraction of plasma 
which has subsequently been recognized to 
have a major role in fat  metabolism(4). 
Goodman(5) noted that free fatty acids in 
the plasma are bound to albumin, and de- 
scribed the albumin binding sites. 

On the hypothesis that the lipemia of 
EAE might be brought about by increased 
mobilization of FFA from fat depots with 
its subsequent reappearance as triglyceride, 
phospholipid, and cholesterol esters, plasma 
FFA concentrations were measured during 

*This investigation was supported in part by re- 
search grants from Nat. Inst. of Neurol. Dis. and 
Blindness, U. S. P. H. S. and from Nat. Multiple 
Sclerosis SOC. 

t Present address: Henry Phipps Psychiatric Clinic, 
Johns Hopkins Hospital, Baltimore, Md. 

early and late stages of EAE. Just as had 
been observed with total plasma lipids, 
plasma FFA values were highest in severely 
affected animals, but even at  15 or 16 days 
after injection, when many of the animals 
had not yet shown definite neurological signs, 
the FFA values were significantly higher than 
normal. 

Since paralyzed animals do not eat and 
since fasting can increase FFA( 2,3,6), the 
effect of fasting was compared to the effect 
of EAE on blood lipid fractions. Although 
fasting may increase all lipid fractions, cer- 
tain quantitative differences were noted be- 
tween fasting and EAE. 

Experimental. Animals : Disease- f ree mixed 
color guinea pigs bred in a closed colony in 
the Animal Production Section at  the Na- 
tional Institutes of Health were used for all 
of the experiments described. The animals 
were young males varying in weight from 
2 50-500 g depending upon the individual ex- 
periment. All animals were housed in large 
general purpose cages, 6 to a cage, on a bed 
of cedar shavings. They were obtained from 
the stock colony one week prior to injection 
and given a regular stock diet for guinea 
pigs (NIH formula A) plus a daily supple- 
ment of greens (lettuce and kale). 

Induction of experimental allergic encepk- 


